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In a typical oil well production operatlon the

-—amount-—of —provduced water increases as a field matures.

In some, if not most operations, the bulk of the volume

of produced fluids may be water.. - Consequently, there is

20 in such operations, a large amount of water to be

disposed of or otherwise handled in some manner. This

typically is an expensive process, i.e. dealing with

disposal of produced water. Although there may be no

direct economic incentive, recent tightening of

25 | government regulations in various parts of the world

regarding the amount of o0il in discharged waters has
‘increased interest in improving and optimizing oily water -

separators. This problem is particularly acute on

offshore production - platforms. Size and -weight

30 limitations on separation equipment limit the available

options. Furthermore, on floating offshore platforms,

the movement of the platform may effect the performance

of some traditional types of separating equipment. Not

the least important is the problem of separating oil from

35 water to the extent that the water can be disposed of in

' the sea or body of water within environmental standards.
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.In order to solve sone of the problens associated wth the
circunstances described above, hydrocyclone separators have been enpl oyed
to solve these oil water separation problens. Traditionally, however, 5
t hge ;use of hydrocycl ones has been for the separation of m xtures such as
| i qui ds/ solids and gas/solids and therefore the problens associated with
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. continuous liq'uid phase poses separation problems to a
person skilled in the art, such as the low differential

- density between the liquid phases‘ and the sensitivity of

20 = the liquid dispersion to shear " forces. Generally, the
differential density (specific gravity) is of the order

of - less than .2 and presents a problem when separating

the dispersion from a continuous phase. Most
- hydrocyclones in present day use are designed for
= 25 - removing a more dense dispersion from the continuous

phase and do this by creating a vortex within the
hydrocyclone body which causes the more dense dispersion
to migrate radially outwards towards the walls leaving a
dispersion depleted continuous phase near the axis of the
30 . hydrocyclone. To the contrary, nearly all oils are less
dense ‘than water and therefore when oil contaminated
water . is passed through a hydrocyclone the radial
acceleration of +the vortex causes the o0il droplets
(disperse phase) to migrate towards the hydrocyclone axis
35 - at the center of the vortex, leaving oil free water
' (continuous phase) near the walls of the  hydrocyclone.
This, therefore, pu'ts different constraints upon the
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internal flow structure for its. stability and removal

~from the hydrocyclone w;.thout further disruption. Since

~ the density difference is relatively small with- an oil

20

dispers.xon in water, and the hydrocyclone design must
produce reglons of very fast spin to. promote separation:
but at the same time, also avoid breakup of the oil drops
in regions of high éhear._ With these constraints in

"mind, the design of an efficient hydrocyclone for oily
- water separation 'although perhaps superficially similar

25

30

to the case of a hydrocyclone - for the more dense
dispersion, is essentially different in its requirement,
leading to a rather different geometry.

Important early work in the development of the
liquid/liquld hydrocyclone occurr_ed in the late 70's and
early 80's by Martin Thew and Derek  Coleman at

-Southampton University and at this _ .stage test work

35

indicated that the minimum nominal size of a hydrocyclone
would be about 28 mm. It was thought -that any further
reductions of the nominal size. of a liquid/liquid
hydrocyclone would generate high internal sheer stresses
which would further break up the sensitive oil- in water
dispersions and therefore, would work contrary to the

one

wor k
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+Sout hanpton  University and at this stage test work i ndi cat ed t hat
t he m ni mum nom nal size of a hydrocycl one would be about 28 mMm It was
t hought that any further reductions of the nomnal size of a

ligui d/liquid 35 hydr ocycl one woul d generate high. internal sheer
stresses * which would further break up the sensitive oil in water,
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The reference to the nominal size gives an

indication of the capacity of the unit for a given
driving pressure. Genewrally, from a manufacturing point
of view the larger the nominal diameter of the cyclone
the less separation units or tubes that will be required
20 ~for a given system capacity. The above - sizes were
selected by various designers based on the aforementioned

research, with a view to obtaining optimal separation

.efficiency and capacity throughput. Generally , as
- mentioned above, the minimal diameter was thought to be
>~ 25 28 mm and no liquid/liquid hydrocyclone with a nominal

diameter less than 30 mm were marketed for this reason.
Some of the practical problems associated with operating
the liquid/liquid hydrocyclones were that the separation
efficiency achieved with the nominal diameter cyoiones
30 ranging from 35 mm to 60 mm would not be sufficient to
meet certain process specifications. Some prooess_es 'have
relatively small volumes of liquid that require a liquid
dispersion to be separated and may be typically less than
for example, 100 barrels a day in an oil field operation.
35 The minimum volumetric flow rate, under which a szngle 35
mm hydrocyclone can perform adequate separat_ion, is
typically ‘greater than 400 barrels per day. The 60mm
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15 overall length/diameter ratio of the separation chamber, _
typically, was about ten. Work was done in’ the i -
19608 By ~both Regehr and Bohnet on - liquid/solid
tech'nology who, eventually along with Thew, Coleman, and
Listewnik began' to work with - 1iquid/11qu‘id problens.

20 = Because of shear sensitivity  in oil/water separation
' problems, :.t was initially concluded that it was
necessary to impart centrifugal force under much gentler
conditions and therefore, the only way to generate proper o
separation was to increase the length/diameter ratio. _ \.J

25 These early researchers took as their starting p01nt a .
' cylindrical ~cyclone having a  length/diameter ratio
between 10 and 25. The result was.a simple cylindrical
'chamber w:Lth Regehr adding a. small cone to the outlet
side. 'I'heir early work found that going beyond a 25

30 length/diameter ratio was anti-productive in that the
frictional lo_ss in longer chambers would be significant
enough that t_h‘.e tangential component of motion would be
severely reduce_d and therefore , there would be a:loss in

flow to the extent that the flow through the hydrocyclone

35 ‘would go to a laminar flow regime. 'Therefore, it
developed that the length/diameter ratio of 10 to 25 was

the optimum. Then_, Thew, in the late 70's, started



. Listewnik began to work wth liquid/liquid problens. 20 Because of
shear sensitivity in oil/water separation problens, it was initially
concluded that it was necessary to inpart centrifugal force under much
genyler conditions and therefore, the only vway to generate proper
separation was to increase the |ength/dianmeter ratio. 25 - These early
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15 _the point where the nominal diameter dz occurred

near a maximum. Eventually, the overall length/diameter
ratio approached 25, in that Thew's work showed that
better separation was attained by maintaining the
20 tangential velocity component over a greater period of
time. Work done by Thew and Coleman in 1981 demonstrated
that the efficiency of separation would increase with the
use of smaller diameter hydrocyclones, however, because
of problems associated with high shearing in oil/water
- 25 dispersions, their work n_éted as previously mentioned
- that a minimum nominal diameter 1limitation of 28 mm
prevailed, that smaller diameters would increase oil drop
breakup, and that hydrocyclones below this 28 mm size

were too small for good efficiency. ' . :

3o ' _Hydrocyclonés  began to find  commercial
acceptance in the oil/water market because of the
‘increased attention to environmental pollution. In order
to return produced water to the ocean in offshore
operations, it became mandatory to reduce the residual

35 - oil in water to typically 1less than 40 - ppm. - Many

: separation situations have been able to utilize the
heretofore described hydrocyclones to accomplish this

_at _which point the tangential--velocity-was -~~~



2 inlet portion. There was then provided a taper fromthe inlet portion of

approximately 10 half-angle, up to 15 the point where the nomnal
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i ndi cated th&eﬂaﬁ“iﬁaﬁcéfiﬁgbﬁhaﬂ/aﬁaﬁﬁters less the 28 mm would be
15 inefficient was sufficient to . discourage any further
reduction of sizes below about_ﬂ?ﬂ mm. Lengths  were .

' disclose& as being Under 25 times the nominal diameter.

The samé three portion geometry disclosed in these
patents and other equivalent configurations including

20 curved housings, have dominated the commercial oil/water
| separation market for separators in the petroleum
industry. = U.S. Patent 4,544,486; 4,464,264; 4,719,014
and subsequent patents to Noel Carroll further described i
refinements to the ‘basic or . standard = "deoiling" o
25 - hydrocyclones. Later patents_ such as 4,721,565 to a
Carroll and 4,749,490 to Smyth and Thew  applied
variations on those_geometries to apply this technology
‘to the separation of oil andiwater,'whereioil represents
a greater percentage and mayibe'even_the major portion of

30 a - mixture. These are sometimes termed. "dewatering"
hydrocyclones. In some of these mixtures, water may be
the disperse phase in an oil continuous phase.

As ndustry acceptance of this product has
grown, s£o0 has the need fo: making the device more
35 efficient in separation of the phases. In deoiling
operations, the need is being seen ~to reduce the
percentage of oil in oily water being separated for



-woul d be inefficient. It appears that these earlier suggestions of
nom nal diameters ranging up from5 nmmwere nerely specul ative and had no

real basis other than 10 - an attenpt to broaden the disclosure to cover
all_the possibilities, in that no known-agtenpts were nmade to build and
test, at |least on a commercial basis, such smaller nodels. -I'n any
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separdPion As a result, testing has recently been established to

determix_;g _whether the heretofore size barriers which were.. . .-

‘considered 'as limiting, would provide a solution.to the
overall problem ' of increasing the efficiency of
hydrocyclones in oil/water separation. This recent work

20 .. has led to new developments in hydrocyclone design which
.appear- to have broken some re_str;lctive performance
barriers in prior commercial designs. . One such

development is a hydrocyclone utilizing a very. rapid

. . acceleration design together with a minimal length inlet
25 . chamber and progressively redticing_ in size through a
‘rapid transition down to the nominal diameter size of the
hydrocyclone. This 'cont:ept is based on the theory that

you stabilize an inlet flow in a very small chamber by

g .. - maintaining an optimal condition where the inlet velocity
30 - at the inlet diameter 'di does not exceed the sheer

- stresses of the droplets so that you get a good
transition acceleration of the flow  entering the
hydrocyclone without shearing it at this point.  Once you

reach this optimal stabilized condition, you can then

35 very -rapidly decrease the diameter of the  separation

. chamber which in turn increases the acceleration field.

This work tends to show that the sooner you narrow to a



applications which will not respond to these above nentioned systens now
bear |looking at if nore effective and efficient hydrocyclone separators are
produced. 5 ' Therefore, in order to neet the ever increasi n%
nor e stringent requi renents of the environnental regulations, a
separation probl ems unsol vable by present commercial products, it is
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-given-ltength of tlie cycTne with a minimum of frictlonal
losses and flow disruptions. In an attempt to. improve
separation efficiency, it was decided to experiment with

20 - a snnple extension to the separat:.on chamber length to
 allow additional residence times so that smaller droplets
which are less buoyant can effectively have more time to

-. reach the central ~core _to be removed. Prior attempts

have typically been around a method to have a smooth o

25 - transition from the inlet flow to a maximum acceleration,
maintaining that acceleration for a certain length, and
then adding residence time as needed. The trade-offs
here are that the additional residence time creates
considerable additional pressure drop which in the past

30 = was felt would be unwarranted due to marginal increases
in efficiency that would be ga_ined. Another aspect to
having - rapid transitions between _acceieraticns_ in the
-cyclone was that by increasing '_'the .'_flui_d' .velocity or
- angular momentum rapidly there w'o'uld__l' be sheer stresses

35 created in the fluid flow and tnerefore the droplets of

. ‘the dispersed phase would be harder to remove. . .__.'It -is
' noted that in the inlet design you typ_ica_lly_. attempt to



.This work tends to show that the sooner you narrow to a nom nal di aneter

[err], the higher the efficiency of the unit. In followi ng this theory
you transition fromdianmeter [err] to dianmeter [err] rapidly and then use
a;,very gradual taper fromJ[err] to the eutjget-di aneter. On the 5

offier hand, wth such a rapid transition you create significantly higher
pressure |OS£ﬁeréasbhetn¥C|wZBoeiJﬂyt tmtémtmpaame | ByRiloner enlyosgobegause
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Anot her aspect
15 water/oil hydrocyclones was that of "reintrainment®.

‘When oil m:.grates to the core it can become reintrained - -
“frit6e the water in a . boundary layer that exists near the
core. This 1s thought ' to be especially true. 'if the
velocity of swirl is low. However, by increasing the
20 velocity you also 1npur the risk of increasing shear.
Thus, while smaller diameters and steeper tapers might
increase the velocity of swirl, they would also increase
the prospect of shear of larger droplets. :
Yet another phenomenon which occurs with steep

~ 285 taper is that of recirculation. Eddy currents in the
inlet section tend to build up when you reduce a large

volume to a small volume in a short distance. The
constriction provides a flow vector toward . the inlet

which promotes an axially oriented swirl. This

30  phenomenon was seen by Thew and others and steered design

to gentler tapers. Recirculation in the involute gives a

- buildup of solids in the inlet end section near the outer

wall where it meets the inlet end which. in turn causes
erosion in the chamber. i

35 Thus, notwith'standing , the apparent adverse

phenomena attributed to decreasing the diameter of a

hydrocyclone as set forth above, applicants nevertheless



having rapid transitions between accelerations in the cyclone was that by
I ncreasing the fluid velocity or angular nonmentumrapidly there would be
sheer stresses 35 created in the fluid flow and therefore the droplqu?
of the di spersed phase woul d be harder to renove. It is noted that int
inl et design you typically attenpt to increase the velocity entering the
cyclone only to a point where shear stresses becones excessive and dropl et
breakup becones significant. Significant breakup neans that droplets are
sheared to a point that they can not be 5= lleffectively renpved in the
cyclone. Therefore, in order to solve the problens at hand there are
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dropl etS.” Yet ano non occurs w taper
that of reci rcwmdi@nts thus denddngs to dnereaset mttunbubeuceolbmelld

up when you regiorald@édeto particle integrity, a more careful look at

the dynamics of a hydrocyclone -separation - chamber show

~that- -ther sma’.l.rer“droplets, “for - example, in the 5 to 10

15 . micron range tend to be ‘more robust and less affected by

.. shear. Again, in solid particle ‘hydrocyclones you can go

to a smaller diameter separation chamber  without'

detriment due to shear considerations in that with

particles you want a higher acceleration field, and shear

20 can aid in separation by knocking out particles. It

occurred to the present inventors that a window would

occur for separating out small droplets in the

liquid/liquid field if, in fact, you manage the small

'~ droplets _i'n_"su_ch: a way es_ to not encourage the further

25 shearing of the dropleté, at least beyond a level that

can be dealt with in the hydrdcy_glone. It was decided to

work in this direction with the ultimate hope that a

hydrocyclone of a Smaller diemeter could be developed

which would increase the efficiency of 1liquid/liquid

30 - separators and in particular an oil/water separator

involving dispersions having small droplet sizes in the
disperse phase. | '



*volume to a small volume in a short distance. The constriction provides a
flow vector toward the inlet which pronotes an axially oriented

swrl. This 30 phenomenon was seen by Thew and ot hers and
sttgered design to gentler tapers. Recirculation in the involute gives a
buil dup of solids in the inlet end sectiqn near the outer wall where it
meets the inlet end which in turn causes ¥ osion in the chanber. 35
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the plahe of the inlet means opening into the inlet

portion;
an overflow outlet axially positioned at the one end
.of the separation chamber for outletting a less dense
15  constituent of the fluid mixture; and
an underflow outlet at the. opposite end of the

séparation chamber from the inlet means for outletting a

C

- more dense constitueht of the fluid mixture;
| the separation chamber further comprising a first
20, relatively stéeply tapered portion, a second elo’hgate less
steeply tapered substantially cyiindrical pori::i.on, the

first portion connecting the inlet portion with the second

25



occurred to the present inventors that a wi ndow woul d occur for

separating out small droplets in the liquid/liquid field if, in fact,
you manage the small droplets in such a way as to not encourage t he furtheh
25 shearing of the droplets, at |east beyond a | evel that can be dealt
with in the hydrocyclone. It was decided to work in this direction wth the
ul ti mate hope that a hydrocycl one of a sridd Ier di aneter could be developed
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at one end thereof and inlet neans for inletting the fluid mxture into the

i nl et postlon%qf t he separation. chanber to generate a swirling nmotion of

the fluid m xture, the inlet 10 portion having an inlet dianeter (as

herein defined) [eind an téktopgate afhamiser nipetrtieansbegpimningi @to the

inlet portion; an overflow outlet axially positioned at the one end of the
separation cHdmeat fand extepdinggtherefronchocths undenfilowputdet,hthel uid
m xture; and an underflow outlet at the opposjte end _of the separation .
chamber frome}engate: @eameeror POTTiON | ﬁ?‘é"-ﬂﬁ)reade?aéﬁg%nsht UWRECH! the

fluid mxture t he, se ar ati on _chanher further |n a f.irst
nstltu es the effec@g.ve con lned re 1 g portion of the

10 hydrocyclone,

wherein the area to volume ration (A/V)Le defined as

R

making up the elongate chamber portion divided by the sum
of the internal volumes V of all the portions making up the
15 elongate portion, is greater than ,21 -mm'1 so that the
| residence time in the residence portion of the accelerated
swirling liquid mixture is prolonged in a sufficiently
confined cross-sectional area and within as small a volume
as practical to thereby enhance the efficiency of
20 separation of the disperse phase droplets from the liquid_
continuous phase. |
The tapered portions may be frustoconical, i.e. with
walls which are straight in an axial plane,.or curved in
such a plane.

25



20 - relatively steeply tapered portion, a second elongate |ess steeply
tapered substantially cylindrical portion, the first portion connecting the
inlet portion with the second 25 13 portion to provide a section for
acgel erating the swirling notion of the fluid mixture, the transition
between the first and second portions occurring at or near a throat where
the separati on chanber has a di aneter DTifhich is 0.5 5 [err]; and an

el ongat e chanber portion beginning at the throat and extendin erefromto

the underf |ow ouBY’é'tl?“! he%g‘ll(?ngawg’%veﬁﬁhmer CRTER %rg\ﬁ ngg°££°ﬁ'éﬁ§t h

[err] which stitutes. the effective i . Lesidence portion of the 10

hydr ocycl onefi'%az?&’é?’}? R g}%‘ﬁe ﬁ%)ar\'/% ?}%ﬂ{ &??exg:'f‘n{'[ err] defined as the sum of

i nt ernal surggge %feﬁg ér%%t?klthgﬁ ?9[§ip?s maki ng up the el ongate chanber
e €

portion divi byt umor the intéernal Tvolunes V of all the portions

making up thqp)s p ekangabh BOtL 98 wh$ 9reater than .21 [err] so that the
residence time'in the residence portion of the accelerated swirling |iquid
m xture §s pqebonggdigneauagftbcugggl1hgﬁnbbngﬁ,pross-sectional area and
within as small a volune as practical to thereby enhance the efficiency of
20 separ at i(d@) of(Afvg di bpefrson phae whsqplgetm'f'uom the liquid continuous
phase. The tapered portions nmay be frustoconical, i.e. with walls which are
strai ght in ge)axilgl ipl equalotocorvédssnthanh28 phand, 26 greater than

L 37.5 D; and L; (the distance from the inlet means to the
throat) is less than 6.7 D;.
10 (f) D; is equal to or less than 30 mm., L, is gréater than

49 D; and L, (the distance from the inlet means to the

throat) is less than 2.4 D;.



14 Wthin this inventive concept, the follow ng relationships have
particular nmerit: (a) [err] is greater. than 27.2 [err]. (b) DT is fron18
to 28 nm 5 (c) DT is equal to less than 20 nm (d) [err] is fromO0.2L
to 0.9 [err]. (e) DT is equal to or less than 28 nm [err] is greater than_
37.5 DT and [err] (the distance frbnthe inlet neans to the throat) is |ess
than 6.7 [err]. 10 (f) DT is equal to or less than 30 mm, [err] is
greater than 49 DT and LT (the distance fromthe inlet nmeans to the throat)
is less than 2.4 [err]. 15 - 10 ' ‘Some enbodi nents of the
invention will now be described by way of exanple and with reference to the
acconpanying drawi ngs, in which:- Figures 1A and in are schematic views of
two alternative geonetrical shapes for separation chanbers in 15 a
hydrocycl one; Figure 2 is a graphical representation of flow rates versus
delta pressure between inlet and outlet of various-nom nal sizes of
hydrocycl ones; Figure 3 is a graphical representation of inlet 20 pressure
versusS efficiency for a.standard and snall noninal dianeter
hydrocycl one; Figure 4 is a graphical representation of inlet/outlet

pressure. differential versus increase in efficiency for various nom nal

si zes of hydrocycl ones; 25 ‘'Figure 5 is a graphica
representation of nomnal diameter of hydrocyclone versus area to volume ...

ot
19 Some embodiments of the invention will now be described

_by Qay of example and with reference to the accompanying

drawings, in which:-

Flgures 1A a a iB are schematlc views of two

‘alternative geometrical shapes for separation chambers in
15 a_hYdrocyclone, '

Figure 2 is a graphical representation of flow
rates versus delta pressure between inlet and outlet of
various nominal sizes of hydrocyclones;

Figure 3 is a graphical representatlon of inlet

20 pressure versus efficiency for a standard and small
nominal diameter hydrocyclone; '

Figure 4 is a graphical representation of
inlet/outlet pressure differential versus increase in
efficiency for various nominal sizes of hydrocyclones;

25 Figure 5 1is a graphical representatibn of
nominal diameter of hydrocyclone versus area to volume



16 ratio versus inprovenent in efficiency; and Figure 6 is a graph show ng
a normalized curve representing drop size distribution of a dispersed phase
of .an oil-water m xture. 5 . Referring first to Figures 1A and 1B of

t helgdr awi ngs, a hydrocyclone 12 is shown in two slightly different
configurations, but each depicting diagrammatically the concepts of the

I nvention and the neritorious features a) 16 f) above. The first
configuration shown in-Figute 1A 10 has an el ongated separation chanmber
begi nni ng at éF#%&@eYeéﬁHS14maﬁ8V@899tnGmngffﬂqaenGNs|ngdforned by a vol une
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a first steeply tapere cal
outlet 16. An overflow outlet 18 is shown positioned in

the wall of the larger end 14. An inlet 20 at or near the

-15 ____larger end 14 provides..an inlet- means-for fluid -mixtures - ----

into the separation chamber. An inlet diameter D,
represents the average diameter at which flow enters the
cyclone through the one or more inlets and is thus twice
the minimum distance of the tangential component of the
20 inlet centerline from the cyclone axis. The inlet plane is
defined as the plane perpendicular to the axis of the at
the mean axial position of the inlets such that the

A - injection of angular momentum of fluids into the
hydrocyclone is equally distributed about it.
25 It is to be noted that the profile of the volume of

revolution forming the separation chamber may take an
infinite variety of forms with only two such 'configurations
being set out in Figures 1A and 1B. Figure 1A comprises
discrete portions including an inlet portion 22 represented

30 by a cylindrical chamber followed from left to right by a
first steeply tapered conical portion 24 which is then
followed by a second less steeply tapered conical portion
26. The transition between the first and second tapered

y portions is represented by a throat portion 28 having a

35 diameter D,. This throat diameter is also referred to as
the theoretical nominal diameter of the



foll owed by a second | ess steeply tapered conical portion 26. The

transition between the first and second tapered portions is represented by
a throat portion 28 having a 35 di aneter DT. This throat diameter is ™
al so referred to as the theoretical noninal di aneter of the hydrocyclvﬁe
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1B. Fo1r0exanpte, piosridd- heurﬁlleleae eirtad ntye sopeaatinortnmaimntiomhere

is function rgi 2 ondi n e inl
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repr esent ed tﬁiwyhmrthenl «oft thef sepavation se@am!aerodmhahbemwnt
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O e T D L5 hily) ShSET 122y parblaed ok bior o, oo o
but 15 In Figure 1B, the separation chamber shown does
- not display discrete portions ‘but nevertheless such

. portions.. are embodied--at-least- functionally in Figqure 1B,
For example, where the inlet 20 e_nters the separation
chamber, - there  is . functionally an inlet ‘portion
20 corresponding to the inlet portion 22 in Figure 1A, etc.
o with the other corresponding por-t_ions being represented
throughout the length of the entire separation chamber as
it progresses in .a continuous curve to the underflow

outlet 16. The throat diameter Dy which is also referred e

25 to as the nominal  diameter ‘is defined in several o
' different ways as will be hereinafter ‘described, but
functionally, the throat is that approximate ‘place where
the fluids f-l_owing_ through the separation. chamber have
substantially reached their maximum -acceleration and
30 tangential velocity. As previously stated this is not an
| ébsolute. In the standard geometry that has developed in
the liquid/liquid hydrocyclone art, .c.'l2 is - usually _the
designated reference for this nominal diameter, herein
designated Dy d2 is sometimes defined as occurring
35 where the dlameter of the body is, 0.5d dj. In the case of
' a s1ng1e involute inlet Dy is generally -greater than D,

but .in the case of a straight turn tangential inlet Dy



functionally, the throat is that approxi mate place where the fluids flow ng
t hrough the separation chanber have substantially reached their maxi num
acceleration and 30 tangential velocity. As previously stated this is
nof, an absolute. In the standard geonetry tidrat has devel oped in the

ITqui d/1iquid rocyglone. art, ~ [errd i ual ly, the, desi gna ref erence
for this nom n§¥gd$§ynéfgﬁ, ;ﬁg%eibri'des%'bngt?g% ppi,{‘%?ﬁ”f?ko’ﬁ%ﬁgﬁﬁgn &f Pned
as occurring 36unctiwhnedle t pdacdeanctwhemd tHehéodymixture 5d éntels | nthae
case of a sin ' in [£LT |4t al t fgn t o

the case of aqéﬁcr!glmgéﬁt%itbﬁfn %g‘?\geﬁ%i aﬁ'ﬁ%\%‘t%ferdrﬁls&rﬁ?aiﬁfebeg?esghtg Eanw
[err]. In thiRappgnisg: Aypapdeallyepr Sheneforevuntn iUnts applteationhBye

t he mMsture jsededdribdd oty ererence 'Di? Hé%rufifﬁ!iﬁ'd.esc” ptive
of what is ha€pen| ng_dynam cal ly. Therefore, if this application DT 5

i's described vWi*th ‘reFePQch'e to [err], occurring at .5 [err] As was

di scussed earlier, it i|iAsa wAangaiscussedepeaxzllieli,nki ng that now | eads to

the i nplenentation of a sgaller .t it di ' X ' '
| nportant aspect of the'pggsggt 3 %‘%ﬁqégnmei&éﬁ%&“ac}eam&%i%eﬁ%n?gv
work has recent¢gdsedo dhee implerentationoof pammadlders throatii dtevetersl
nas boor folnd Ear o ohr JpSEtaRt WA of GREBALAN Al A
diamoter  decr@heat dealaof eXpREi@ente) Ak hasdecsntly heem done to
@acconpanyi Eg | hdentiC€yi n thoses urparafeperscr dnslukldngunidpt iaaldum Agminal
constant thro L a cheasge. | ro pu L Ng co nt.knLet
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pressure. Figure phi ca OCCUTS
versus pressueEfigdangying It thas Beenefowndithat sifiziariahegenerallyith

a geonetsgy increases as the diameter decreases. As dlameter
decreases, there is also an accompanying increase in
oo - PY@SSUYE T dropTT T ACEOSS  the  unit assﬁx’i’iﬁéméonstant

throughput, or a decrease in throughput assuming ‘a
constant inlet pressure. Figure 2 shows 'gtaphica_lly what

20 occurs . to flowrate versus pressure when using three
.d‘ifferent: sized hydrocyclones built with a geometry
~configured similar to Figure 1A. By picking any point of
constant pressure differential between inlet and outlet

. pressure, say 50 psi for example, it is seen that for a
\V 25 = nominal diameter 19 mm hydrocyclone the flowrate is
approximately 10 gallons per minute while at the same

delta P, the flowrate is approximately 29 gpm for a 35 mm
hydrocyclone. This, of course, illustrates the
disadvantage of small flowrates with a smaller diameter

30  unit, if large flowrates need to be dealt with, which
- would necessitate:r a plurification of individual
separation chambers. On the other hand, it is seen in
Figure 3 that for a given inlet pressure a 12 mm
hydrocyclone demonstrates a substantial iﬁprovement in

35 efficiency over a 35 mm unit. The tests which were used
to gather this data had parallel flow lines arranged so

that produced fluid from a well was divided through two



configured simlar to Figure 1A. By picking any point of constant pressure
differential between inlet and outlet pressure, say 50 psi for exanple, it

is seen that for a 25 - nonminal dianeter 19 mm “hydrocyclone the =
flowmwate is approximately 10 gallons per +m mut e whlle at the sane delta ,
the flow at € p.r OXI mat el mfor a 35 nmm hydrocycl one.. IS,

of course, i?"( % anf‘&gebﬁf separatedwrin edhg t I#Wé’
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the increaseg. in_pressure wll | ncrease .
stresses beletﬁbe BREYSEpBHAEFe driBl EPE'SS@?F Aggutesie fdlzw%t%ﬁés@f In
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consi der i ng histrapy ghoneapt wes Infvehyiin otiel past Weobasedi onl e dess fagused

on Stokes | gy ¢ S n.is, a fungtion.of draplet
- size and that srral t}'nr% ts a?e S#R#flgo%ﬁaéé{ s h%d%?‘ nctjong e %rate
than | arge 95ARMt 61 de and thaﬂﬁu?xmahi‘d@m&&e}rﬁ%am |$1ganlcantly

ef fi @sent | y hawiawe tos misleﬁérate than ' large. droplets. Thus,

hydrocyclones will no;t_ efficiently remove smaller .

--droplets —thhirr a“‘certain range. ' It was also thought

that smaller diameter cyclones and steeper taper angles

"in the separation chamber were likely to shear droplets.

20"_ within the cyclone, thus generating smaller droplets
' which would be difficult ‘to remove. 'I‘herefore,' designers
failed to take_ advantage of the fact that smaller
diameter cyclones _effectively remove smaller droplet
sizes. This is because the effect of shearing in the

25 - cyclone is 1less detr:unental when you are dealing with
' smaller droplets which are already sheared + SO0 to speak.
Therefore, shearing: in the c,yclone caused by design
parameters will tend to mo"stly affect the larger
droplets, i.e., it is the larger: iroplets that will be

30 sheared 1n the cyclone. _How_eve s long as we don't
shear below ‘say 6 ‘microns, whi ) }the smaller diameter

units will accommodate, then we 5“_.,; ed not be concerned

with the fact that both smaller. throat diameters and more

rapid trans:l.tion to smaller D throat.will 1likely cause

35 shearing of larger drops, since these ‘sheared drops will
now be more effectively removed. - This also mitigates

against the te_ach__;:_ngs of shearing problems with respect




* d-roplets wthin a certain range. .. It was also thought that smaller

di aneter cyclones and steeper taper angles in the separation chanber were
likely to shear droplets 20 within the <cyclone, thus generating
siwgl ler dr opI ets whi ch vvoul d be difficult é¢@ renmove. Therefore, designers
failed to that " smaller di aneter

nt
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range of droplets that are removed from the _migture and

“thus increase the efficiency of separation. If we then

add a longer residence time for maintaining this dynamic,

_the chance for coalescence and thus separation_'is further
20  enhanced. - _ _ |
While it {is recognized that the smaller
diameter and/or more steeply tapered hydrocyclone will

most 1likely generate additional shear of the larger
: droplets, this disadvantage appears to be outweighed by .
S 25 _ the fact that the smaller diameter hydrocycloxie also will
separate out a smaller droplet size and thus the mean

droplet size removed decreases with the nominal size of

the hydrocyclone. Therefore, the volume of eroplets

removed is increased in smaller nominal sizes and

30 efficiency is thereby increased. Data suggests that the
hydrocyclones having a nominal diameter of 8 to 2gmm will

effectively remove droplets in ‘the 4 to 10 micron range.

Thus, while shearing of droplets may take place as a

result of the smaller size and steeper tapers, this

35 effect is offset by the increased portion of the mixture

that is removed. For a given set of conditions, the

underflow outlet will have disperse phase components



smal | er di érreter, you al so physically reduce the distance that a dropl et
must mgrate to reach the central core and thereby al so reduce the tine

that it takes to reach the 15 core. These characteristics lead to an..,‘.

increase in the range of droplets that —aretrenoved fromthe m xture and
thus increase the efficiency of separatiion. |f we then add a | onger

resi dence tPRESeBE AR fhe nformt Afs dFpplats winkeh have pet sspesatase and
thus separ apa®nins the 't ax?é)tmn enhabeed. \Wite thé shalleecodniized that
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appears to bemomniaggfmme% at the undenfilaw toutletl willdi baveer
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mean dropl et. st ze renove ecreases Wlt the nominal” si ze_of the
hydr ocycl oréhereafiedef LARGLr t ﬁEaPol%e'moPYda’P&mcéﬁ‘erém Ehej samesed
in smaltle{ aeﬁaﬁahﬁﬁszeﬁnlmd ﬁavﬁ. agf f iouitaeey FiéﬁﬁWdTCgﬂwd is Dat ?I
suggest s e hy clones havin anorrna Q to Wi
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sheari ng of bgr ophdss K fedlentiladce tix: ameasul droplehe sdzkel ewidilze bzend
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the m xture renmoved. For gl ven set It on e underf '
| ow out | et REELCASPEYdi spdhds. pﬁ&%ét Bniks. s egn’é'aPh ¢aLly ordf of

drolo: ets V\,hps_buraave GSOf v&ﬁﬁ%ﬁ gd ﬂlr;]& hnnbhﬁamﬁaaaat i ledtanberrop\fwémh t he
smal | er nom,pa Z i anet.er_baqdy .t he dr ize ributjon qf_ these
r emai ni ng dfléi %‘Et"g’ fhe® na%rfnf%ffi\fucﬁﬁl é"(so\/\ﬁﬁp REVECE %5 59 an ¥%
which is Jegadleln'anthlee rcavye ofint- sthatr ofiignreeas aFoar g@ummswqﬁn
hydr ggycl Onﬁliﬁgﬁiattli%nsq'ﬁﬁa mixture has a disperse phase of 1000 ppm

of o0il in a cont:muous phase of: water, which 1000 ppm of ...

the - disperse phase is represented by the ‘area under the
curve. The mean droplet size D of .the disperse phase

| in this illustrata.ve _example - is 20 /4 . If a 35 mnm
20 nominal diameter hydrocyclone removes these droplets
under a given set of conditions (temperature, ph, etc.)

' above those having .a mean size of .8/4 ~and that portion of

the disperse phase above 8 Vo represents 80% of the

_ distribution, Dgge . then the hydrocyclone efficiency is
25 80% and the droplet concentration at the underflow outlet
. will be .2 X 1000 ppm or 200 ppm.: A 20 mm nominal
diameter hydrocyclone might, however, remove droplets

do_wn to appro__ximat_ely 4 b ¢ under these same conditions,

lets say down to a mean size of 6/“ . which represents

30 90% of the distribution, Dgo- Therefore, the performance
of this latter hydrocyclone will be 90% and 1000 ppm x .1

=100 ppm, thus prov1ding an increase in efficiency of

10%. Early da_.ta' indicates that under normal field
operating conditions, the illustrative. example above is

35 representati{re of the improvement that can be - expected
with the smaller ,n-dniina]_.‘ diameter wunits. - This, of
course, 'p're,suppos'e_s'_ that the mixture contains a



'conditions wll have an outlet distribution that 1is higher. That

portion of the m xture which is represented by this differential in
nmean droplet size wll be 10 ~ determnative  of t he i mpr ovenent
i _~separation efficiency. ‘This relationshieg is.' shown graphically in

Figure 6 wherein E? norpal i zed - inlet dro%:let distribution of a
mxture is reprddRfRtantipl hportion of - spadlery groPlRts; uhereby this

For purposes anivdhtage blilmsbpefaae.the m xture has a di sperse phase of

~1000 ppmof oil in a cont phas ter, wWhi . pppm.of th

di sperse phase is represek?ggy%y {] e&é&éé\&%ﬁdef‘ tﬁg%@ﬁ%gggn TE‘]%’? ‘} zeious_

dropl et size Dsizgdtiseparatdebe chandbex rbodies)| Ifest mnqm\temmm@sq sin
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ﬁbgve [ elr rl fv?herer eorgﬁsrzm saﬁ%gg%/rt hgﬁfh sagebultuxfnin[ ar rdaﬂauqrelt hsta%
ydrocycl one efficiency.is n r et _conce on a e
under f1 ow out | oW W Cj‘cﬁ!‘ yJ gsl(ﬂb or %g Ffﬁf ture,go H‘E‘F;’aﬁ‘h

di amet er hydratz;mpormimgtuf tllmv\mdspersenmrﬁasb odret 8 dramyet oof 12-14
approxi gately | HNd&k S e S wWNn

size of [err], ﬁ] rgg‘rdetstl&%t %i%%ﬁ%e %éfgﬁﬁggdﬁfsrl Biutd?on er rﬁ@%
Therefore, the w%man%eexbf frems Fhguee hidrhdtl e GATerth ecarme kati om0

Ep_n’: X 1d=t 100 rnlﬁmsﬁéusbé)ﬂﬁé/érﬁlBGG?n sﬂﬁéelaa&ﬁ?l Qaltgﬁifdi‘élﬁfﬁy of:tlg%? also
arly data indicates ngr,ma i el.d operati condi ti.ons
the illustrati Mt%§§ﬁﬁﬁggag8vﬂ°g i 8'j"-:p‘"rr@pr“es PR %F g‘i W r ARG BNt
that can be expextleedwlsh tinecASAD| has rmrrbody slimwidder tonithe. lower line
Thi s, cour esupp n n

95 %no’cga &'Q 93. ¥ r’?rop s %é&:‘ibethﬁﬁ ‘4l Snydrocyclone

substantlal portlon
body represented by the upper ine has an extended

residence time to the fluids in the separation chamber,
and consequently, has a higher efficiency.

20 In analyzing the vast amount of data taken in

the course of these tests, a theme or rational was sought

.for the various phenomena described above. While an

absolute explanation is perhaps not possible, a likely

._ explanation has been set forth above relative to longer

e 25 residence time, shorter distances for drops to travel,

behavior of small droplets under high shear conditions,

etc. However, in further analysis it appeared that a

heretofore unknown relationship existed which impacts

greatly on the problem at hand, that being the area to

30 volume ratio of the separation chamber after it reaches a

place in the body shape where maximum acceleration

occurs. This place' we believe occurs approximately at

that place in the standard type configurations as set

forth in Fiqure 1 where DT occurs, that also being at or
35 ‘near to where the slope Changes from a steep slope to a
finer or more gentle slope whether it be.a straight or

curved taper. In this respect, the following illustrates how

‘parallel section added to the body to afford a greater



advantage will operate. Figure 4 provides a conparison for various sized

separation chanber. bodies, for percent increase in 5 efficiency over
the 3 5 nmbody at varying inlet/outlet delta P. Thi s data was taken,
earlier described, where a small diane¢er~unit was run in-a parallel IHVV

| oop with 35 mm.unit The .m xtyre con ai n drop sizg of the
di sper se thH&se PAVa rﬁﬁﬁé of 43B14RP 10€2 °4%4¥é§1 af@®rt he®ni xZHYER
t enper at coafdguradtddn. It can be readlLy seen fromFigure A that a direct

correlation exists between body size and efficiency. It is also
interesting to note in Figure 4 t hat .one of t he top l'ines marked 15 nm AsAD
has a body simlar to the I-ye : . _.denote A 15 mm,
except that thk(hadja ¥ a LoV ar S atatahvimtar=tal ar-33-1aliva 100 Ae has an -

ext ended addestectlon admadofﬁntagnad&ylumeabfaddCbmgxeamaw resi dence tine
to the fluids in the separation chanber, and consequently, has a higher
efficiency. 20 I n analyzingvthe vast anmount of data taken in
the course of these tests, a theme or rational was sought for - the various

- ph&nonmena descri bed above. =~ Wiile an absol ute explanation is perhaps not
possible, a likely pepl dopoentsswbERNcEPEuiEt BraBaveeteiahye to | onger
25 residence tinme, shorter distances for drops to travel, behavior. of
smal | -dropl ets under high shear conditions, etc. However, in further -
analysis it appeared that a heretofore unknomn relatlonshlp exi st ed which \J
i npacts greatly on the problemat hand, that being the area to 30

vol une ratio of the separatlon chanber after it reaches a place -in the

bd® shape where nmaxinum acceleration occurs. Thi s place we believe
occurs approximately at that place in the standard type configurations as

set forth in Figure 1 where [err] occurs, that also belng at or 35 near
to where the sl ope changes froma steep slope to a .




finer or nore gentle slope whether it be.a straight or curved taper. In

- this respect, the following illustrates how this AV ratio can be
cal.cul at ed for a given configuration. [err] 5 For conponents with
¢ircular cross sections: 10 -24- [err] where: X
drst ance al ong centerline of conponent [era] «(X) = radius as a function
of axial distance for conponent c [err] conponent nunber 1, 2,
3..., ni = inlet o outl et The function [err] is

conpl etely general and takes on forms |ike the followi ng, but [err] limted
to the follow ng: K1) For diylindrical conpopent: [err] = k where k is a

const ant radi us —25 [2) ca conical sectign: [err]
- _;_ 2T, (¥)dx

¢ Vxe
A < 3
\/ -N. -%%

Z | _7{ Q(X')Zdy

_ AT
\...«;)/ :"".hv,ls)
) °. ) [}
X, L S - y S
J 2T (%) dK +!J‘;-qu@m)&,u-..... . +f 2 XY dA
- . | . xt | | _ _ *
c [ —— :
""""V_“""'"""""""'Y""'"“_ X,_ . . Z: ~
. T r(x) olx +[ T, XYkt o ¥ v, (%) dx
X 4 %
where: x = distance along centerline of
. ] ~ component '
S | r.(x) . = radius as a function of axial
distance for component c
C _ = component number 1, 2, 3..., n
i | = inlet

° - outlgt

The function Ty (x) is completely 'general and takes on

forms like the following, but pot 1limited to the
following: '

(1) For a cylindrical component:
T (x) =Xk
where k is a constant radius



y(x) = x tan [err] so [err] - x tan [err] 5 : where [err] is
the hal f-angl e of the cone (3) For a quadrat.ically curved conponent: [err]
where = [err] and a are constants describing the 10 curvature of the <7
conponent In order to calculate the AAV ratio of the total body e
configuration in Figure 1A, you sinply integrate the area and vol une of
each section of the body taken separatel 25 15 For the purposes of this
invention, it -is the area to volune ratio of that portion [err] of the
separation cKadbeFFe@ manigFak sEctirnhextending to the underfl ow outl et
that is of interest. rTI@g; fgr-ﬂ‘h@ configuration shown in Figures 1A and
1B we woul d first calculfate the'area nd 20 vol unme of that portion
occurring fromDT to thd @3t ed %8 B4, Then you would calcul ate the area
and vol une of thatsopor tri ¢Rr) 38 ext-erudlﬂ@nfe omdotted line 34 .to the outlet
16, whi in this case a I onent . This latter
portloncg of course, t’]’le(fehav S{:&%?{aalr#%igﬁ% P4di _ a‘fﬁf‘%ul d not need
be integrated, and the area for exanple, would sinply be calcul ated, as
2l1rx, with e| e t rt‘}ga Jortion involved.

Vol une in thi‘g sa%rfzel | qujgaﬁ %;%r]i | 8{]\1 wou -ca cuI ated at [err]. This
procedure is foll owed F‘aéﬁ ufit Ft ¥ H¥% at Xeand 30 vol unme of all portions

of interest are cal cul ghete -IB il d e aienbtdntst Rescrdting trer] is

a func%&nal ﬁOI‘tIOI’I of e hanber aq:d since there are many configurations~”
of chanbers E‘gﬁ'ebé’ Cs EPPRMEGE wel | to understand this teachi ng in

its functional terns. The 35 begi nning of the portion [err] |s where it

s approximated that otB8r to calculate the A/V ratio of the total body
configuration in Figure 1A, you simply integrate the area
and volume of each section of the body taken . separately.

e 1B ...For_-_the__p\irposes—ef—t-h—is——inve"nt’ion———-i‘&' is the arex—to—

volume ratio of that portlon L, of the separatlon chamber
beg:.nm.ng at D, and extend:.nq ‘to the underflow outlet, that
is of 1nterest. Thus, for the conflguratlon shown in
Figures 1A and 1B we would first calculai:e the area and
20 volume of that portion occurring from D, to the dotted line.
34_. Then you would calculate the area and volume of that.
portion 30 ex-t_ehding from dotted line 34 to the outlet 16, _
which in this case is shown as a cylindrical component. N
- This latter portion, of course, would have a constant
25 radius and woqld not need be integrated, and the area for
example, would simply be calculated, as 2llrx, with x being
the axial length of the component portion involved. Volume
in this same cylindrical portion would be calculated at
Or’x. This procedure 1s followed then until the area and
30 volume of all portlons of 1nterest are calculated. It
should be noted that this portion L, is a ‘functional
portion of the chamber and since there are many
configurations of chambers that can be devised, it is well
to understand this {:.ea'chingl in Ii_t's f_unctional terms. The
35 beginning of the portion L, is where it is approximated
" that the | | |



26 maxi num vel oci ty+«and maxi num accel eration of the fluid occurs. This is
not an absolute place froma practlcal standpoint. However [err] has been
def'I ned to occur at sone certafn point (where [err] = 0. 5 [err]0 for the:
purptse of being 5 definite in claimng the invention. A nore functional
way to fix [err] would have been within sone range in which it wll fall,
or at a place where the slope of the chantg wall reaches a certain val ue.
Ref erence is now made to Figure 5 of the drawings 10 which shows a pl ot
of Area to Vomaximut | veloeitys and omaxdinametarce Yexratuion oos Qmas‘iﬂyﬁi\ai ons
of hydrocyclo e p n X ver a 35
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hydrocycl one i s shown on e right hand per cén
al so be a fun(ﬁqwmlrﬁr-opllﬁ‘”%‘éﬁ%l% hag doeemedq:ﬁwmd cko veceur fat somedy

such as shown ddi:ﬁa:gvfpbll{t V\qviﬂéﬂéarﬂ ] =begi lsnbl P?ﬂﬁ- £§ﬂﬂi>%ﬁ;9§?é"' #1 B€ing

paral l el gxt egsﬁ gqpara | el ex I on

separatio §1@§"F‘|1H§r| &I pve %nt@a??’ﬁezﬁuncmﬁ‘%r‘l’%&l
and ext ends fltmmﬂi)e Dptweuld i havé4 beent hﬁ.ﬂl‘tﬁerébﬂé\/ pehgat ih6 whileks, it he
bottom curve i 5 present ed Vi ng at _ends at
34 as shown |§;ilg'| gt%ge]gl $€A£€ é %@ ce ,}}%@ T ﬂxmsga eofcr}ﬁnbtﬂﬁre 5
(a solid |ineFaldpreashes & ieedtadycvalaiesi nilar to the standard geonetry
of Floure 1A havi pgsareheeloft Chol, AR 6 ° Figfirk fs)rokh%hfearzﬁfa%ﬁét 'on

26 -as shomn at 36. his unit al so has a para ext ensi on portion 30
ofh_20 DTt Thé’h&ﬁﬁeﬁh@l&ﬁs\/é‘ Flof @fr Arey &a dalune yratinsMananse thuha

having a tapediam@iteref £ber vir tows %d&?ﬂ‘?ﬁﬁtﬁﬁ@%ﬁ ﬂS}dQBc&QQoQES. ’Itﬂe
seen fromthe %%%%resegted in _Fi.gure fhat the areat

n approximate = improvemen over a 35 mm

hydrocyclone is shown on the rlght hand scale. The percent

improvement will also be a function of droplet

o35 ———distribution; temperature, -density; pH,; interfacial surface "

tension, etc. The lower curve is for a body such as shown

in Figure 1A with L, beginning at D; and with no parallel

extension. The parallel extension is that portion of the

. separation chamber that is cylindrical or substantially

20 cylindrical and extends from the dotted line 34 to the

~ underflow outlet 16. Thus, the bottom curve of Figur'e 5 is
represented by a body having an L, that ends at 34 as shown

(N o in Figures 1A and 1B. '



volune ratio for hydrocycl ones having a throat dianeter 10 -.of 8 to 28 mm
generally falls within a range of 0.21 to 0.9 [err] However there may be
petrol eum applications not presently contenplatéd or uses in other e
i ndustries where smaller units would be 5act|cal and therefore the | onerée&
limts of data herein stated do not it the concepts 15° i nvol ved in
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rel atively stee curved portio f.or rap cce eratlng t he
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involved in this teaching to any particular minimum size.

--It-will-thus-be-seen-that-there has-been- descnbed a hydrocycione for—

'separating liquid phases of a mixture wherein one of the
constituents is a disperse phase of 1iquid droplets
withih a liquid continuous phas_e such as occurs in an oil

20 in wateér or water in oil dispersion.  The hydroéyclone_
comprises a separation chamber having one or more inlet
openings for inletting the fluid mixture into an inlet
portion at one e'nd ‘of the 'Separation "c':h'amber. An -
- overflow outlet, which may be axially disposed in the end A

25 wall of the inlet portion, provides an outlet for a less
dense phase of the mixture. An underflo’w outlet for
outletting a more dense phase 1is disposed at the other
end of the separation chamber opposite the inlet end.
The separation chamber is further characterized by a

30 first relatively steep tapered or curved portion for
rapidly accelerating the fluid within the acceleration
chamber, yet without further shearing the disperse phase
droplets beyond that level than can be handled by the
hydrocyclone. The relatively steep tapered first portion .

35 is followed by a less steeply tapered or curved second



-di anmeter of hydrocycl one. The separation.chanber can alternatively even
be cylindrical or partially cylindrical if it nmeets the functional needs of
the invention. The el ongated portion of the separation chanber extending 10
bet#een the throat and the underf low outlet, be it tapered, cylindrical or
substantially cylindrical portion, and which makes up the total |ength
[err] operates nost efficiently for liquizgliquid m xture when arranged to
have an area to volune ration [err] falling within the certain 15
-a-raneters. porsienfi oileialy aeprdsendserahl glenigatedic paxftiome of the
hydr ocycl one 4 QGE’% AN ¥ in
limted dist a%%aéﬁ%%hga?%%? . g%a% era l?%{eés}g %%%ﬁé%p‘#th%ngf ﬁrr-ussf:tc E‘a.{,}&l
preferably | eiecongtapered; pestingsi if drepresanted Ry g thygatyartdaipl et
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to increases jn,efficiency. The |?rov]e_zd hﬁdr%?[/rcl onﬁ S cagﬁbl e of,
operating at 8 ofPdr4%i MPopreRigheds nalep; mefexrrad: he &8 i thgcdpminal
separ ati on efdianetey, ot hydrsioyodiong.t he Thwl sepazattion ZEhambahercan he
m ni mum vol unefric. G ity | A r a
Singl e cyol o taesERIEY 80 B8 AR L S D ¥ pait AT bt cl
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liquid/liquid mixture when arranged to have an area to

volume ration (A/V)Le' falling within the certain

- +~-15. .._parameters. -This-efficiencyand the-overall performance 6f =~ "~

the hydrocyclone is further enhanced by locating the throat

within a - certain limited distance from the .inlet,

preferably less then 6.7, and must preferably less than

2.4, times the inlet diameter D;. The mean droplet size

20 that is removed by such a hydrocyclone is reduced in

proportion to increases in efficiency.

The improved hydrocyclone is capable of operating at

L low driving pressures and still maintains satisfactory

separation efficiency, notwithstanding the small diameter,

25 . where the minimum volumetric capacity can be as low as

about 50 barrels a day for a single cyclone unit. Such an

improved separator is effective to process small droplet

sizes and will have a greater efficiencies than that of

larger nominal diameter cyclones at similar process

30 conditions. The area to volume ratios utilized in the

elongated portion of the separation chamber in such a

hydrocyclone is in a range of values which promotes an
unusually high efficiency. '



s a disperse phase of liquid droplets within a liquid

hase, the hydrocycl one conprising: a separation chanber having
w:mﬁfﬁ Em muat one end thereof and inlet nméans for inletting the
f 1l

the inlet portion of the separation chanber to 10 e
generate a svmrllng nmotion of the fluid mxture, the inlet portion having
an inlet dianeter (as herein defined) [e29] in the plane of the inlet neans
opening into the inlet portion;, an overflow outlet axially positioned at
the one end 15 of the for outletti igBIM&ss dense constituent of the
fluid mxture; and an underflow outlet at the opposite end of the

separation chamber fromthe_inl et means for outletti, dense
constituent df th® RYgrackfieppefosgseparating, 1d @b‘&:}g 2 %s f?ﬁt her
conpri sing adiffetringl dénsitiestifgh \a fapddenipbureowheneincond ef cityat e

| ess steeply_ ta st an r , =" tion
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i nt er nal t he portions maki ng up t
port:.on,

_ an overflow outlet axially pos:Lt:Loned at the one end

15 of __...'_t_he-__..separa,tlon_.._.chamber. _for.. outletting..a. .less..dense.. -
constituent of the fluid mixture; and '

an underflow outlet at the opposite end of the
separation chember from the inlet means _for' outletting a
more dense constituent of the f luid mixture;

20 the separétion chamber further .comprising a first
relatively ste'eply tapered portion, a second elongate less
steeply tapered Substahtially_ cylindricai- portion, the _
first portion connecting the inlet portion with the second v
portion to proVide a section for accelerating the swirling

25 motion of the fluid mixture, the trahsition between the
first and second portlons ‘occurring at or near a throat
where the separatlon chamber has a dlameter D; which is 0.5
D;; and an elon_gate chamber portion beginning at the
throat and extending therefrom to the underflow outlet, the

30 elongate chamber portion having a  length L, which
constitutes the effective confined residence portion of the
hydrocyclone, .

wherein the area to volume ratlo (A/V)Le defined as the

g sum of internal surface areas A of all the portions making

35 up the elongate chamber portion divided by the sum of the

' internal volumes V of all the portions making up the



-30 elongate portion, is greater th_a_r_l_.';.21 [_err] so that the residence tITE
in the residence portion of the accelerated swirling |iqui 1"“ tl '
prolonged in a sufficiently tonfined cross-sectional area nnmm"m,”m |

[

snafl a volume 5 as practical to thereby enhance the™ effikiehcy
separation of the disperse phase droplets fromthe |liquid continuous phase.
2. A hydrocycl one according to claimi13Owherein [err] is 10 greater
than 27.2 [err]. 3. A hydrocycl one according to ¢clJaimg or claim2,
wherein DT i§IPP6ﬁ1t8"tB°12%1‘?ﬁm 15 grpater thamy ocdt| BWe afRotddty €Reclaim

1 or clainrdsidetice tiké if EReatesDdensé pbotidfl 61 the acdelexk©sdcl one
according to ne of.the precgdi ng cl ains,, wherein [err%‘#'ef from0.21 to

| .
0.9 [err]. 26%a¥1ing ligutePmixture! ts prenoiiged” fn' & sutficiantly co o
to or:.|ess chaflip@dnoroperspctiopadaareat And itbiheas] swalll Lld Yolwme
di st f t hed t ' i | h o/ ) 5 7.
A hydrocy ol obE! DPratiied POty | idfeby Pahhahte Cthd UESciey | ofd T
mm, [err] i|iSegpratden pfnthe Sisperser phase Aranrirts rfrom tthe i hiatidreans

to the throagphntinh®us phasel- 4 [err]. 30 8. A hydrocycl one,
substantially as a described with reference to the acconpanyi ng draw ngs.

2. A hydrocyclone according to claim 1, wherein L, is

10 greater than 27.2 D;.

3. A hydrocyclone according to claim 1 or claim 2,
wherein D; is from 8 to 28 mm.

.15 4. _ A hydrocyclone according to _claim .1 or..claim 2, ... ...

wherein D; is equal to less than 20 mm.

5. A hydrocyclone according to any one of the preceding
claims, wherein (A/V),, is from 0.21 to 0.9 mm .
20
6. A hydrocyclone according to claim 1, wherein D, is
equal to or:.less than 28 mm, L, is greater than 37.5 D, and
L,« L; (the distance from the inlet means to the throat) is

less than 6.7 D;.

25
7. A hydrocyclone according to claim 1, wherein D, is
equal to or less than 30 mm., L, is greater than 49 D, and
L; (the distance from the inlet means to the throat) is
less than 2.4 D;.

30

8. A hydrocyclone, substantially as a described with
reference to the accompanying drawings.




